By reaction of 5-methylisophthalaldehyde with l,3-diaminopropane in the presence of various metal salts the following complexes have been isolated: MCuzC12,6Hz0, MCuz(C104)2,2HzO, MCu~(HS04)z,Hz0, MNi~C12,2H20, MCo&12,2CHsOH, MFezC12,2CH30H, MMn~Cl2,2H20, MZnzC12,2HzO, (MHz)Ni(C104)2,2Hz0 where MHz represents the macrocyclic tetrakis-Schiff base obtained by condensation of two molecules each of the diamine and dialdehyde components and M represents the derived dianion which behaves as a novel macrocyclic binucleating ligand. On the basis of magnetic and spectral evidence the complexes are assigned binuclear structures in which the cations are in an approximately square-pyramidal environment. These structural features have been confirmed in the case of MCu2C12,6Hz0 by an independently conducted X-ray crystallographic analysis. It is suggested that (lIHz)Ni(C104)2,H20 is closely related to the others in that the nickel environment is square-pyramidal and that essentially the same organic ligand framework is present, with two protons rather than a metal ion occupying the second cavity of M.
During the last decade the synthesis and properties of metal complexes derived from macrocyclic ligands have attracted much attention.1 Another area of major current activity is concerned with metal ion cluster compounds, particularly with regard to intra-cluster interactions.2 However, the lack of a rational synthetic approach to cluster compounds constitutes a serious barrier to further progress in this field, most of the existing examples having been produced accidentally. Now, for the first time, we report the synthesis and some properties of complexes derived from a novel macrocyclic binucleating ligand, i.e. a macrocyclic ligand capable of securing two metal ions in close proximity. The work described here is part of a long-term project,3 which we have initiated, concerned with complexes of binucleating ligands in general, our major interest in the area lying in the potential capacity of such species, provided geometrical and valency factors are appropriately arranged, to trap at a labile bridging site a range of small molecules and ions.
Structures of the type (1) appeared to be the simplest from the synthetic point of view, and framework molecular models suggested that whilst the derived binuclear complexes were severely strained when x = 2, very little angle strain was likely when x = 3, under which circumstances the ligand appeared to prefer a nearly co-planar configuration. In this paper we report the synthesis and some properties of several complexes of the binucleating dianion (hereafter ill) derived from (1) when x = 3 (MHz).
All efforts to isolate the metal-free macrocycle, MHz, from condensation of 1,3-diaminopropane and 5-methylisophthalaldehyde under a wide variety of conditions yielded only gummy, presumably polymeric products which resisted all attempts at purification (e.g. recrystallization, chromatography, sublimation) because of their virtual insolubility in common solvents and because of their involatility. However, condensation of the diamine and dialdehyde in the presence of the appropriate metal salt plus, in some cases, the metal acetate, generally in methanolic solution, yielded the following complexes in crystalline form: MCu2C12,6H20, M C U~( C~O~)~,~H~O MCu2(HS04)2,H20, MNizC12,2HzO, RICozC12,2CH30H, MFezC12,2CH30H, MMnzC12,2H20, MZnzC12,2HzO, (MH2)Xi(C104)~,2H20. The complex MCuz(HSO&,-Hz0 resulted from reaction of 1,3-diaminopropane, 5-methylisophthalaldehyde, and cupric sulphate, the bisulphate protons originating formally from the phenolic group of the starting material. The corresponding sulphate MCuzS04,2Hz0 was prepared from MCuzCln,6H20 by metathesis with silver sulphate. Attempted preparation of MNiz(C104)2 by procedures analogous to that which successfully gave MCu2-(C104)2,2H20 yielded a mixture of yellow-brown mononuclear (MHz)Ni(C104)2,2Hz0, which u7as eventually isolated in pure form by a modified procedure, and a green solid, which has not yet been obtained in a completely pure state but which contained approximately two nickel ions per molecule of M.
The structural issues which were of primary interest to us and which concern us below in the discussion of physical properties were: (i) is the ligand a binucleating tetrakis-Schiff base as in (1) or is it a 1: 1 or 3:3 or higher polymeric condensation product of the diamine and dialdehyde components and (ii) what is the immediate environment of the cation? Reliable molecular weight measurements, which possibly would have resolved the former problem, could not be obtained from solution studies (e.g. oryoscopy in water, osmometry in methanol, ebulliometry in methanol or water) because of insufficient solubility in solvents suitable for such work or, in the case of ebulliometry in water, because of the unfavourable boiling properties of the solvent (bumping and wide temperature fluctuations). The above range of copper derivatives with a variety of anions was prepared in the hope of obtaining one which was amenable to such measurements but none was found. Molecular weight determinations by mass spectrometry were precluded by low volatiles.
A single-crystal X-ray diffraction study4 of MCu2C12,6H20 has now revealed the anticipated binuclear arrangement (2) in which the four nitrogen and two oxygen donor atoms provided by M are almost coplanar and the cupric ions are in an approximately square-pyramidal environment. ,2Hz0  1638s  1550m  1340m  NCozC12,2CH30H  1632s  1549m  1332m  1040d  &1FezC1~,2CH30H  1630s  1545m  1328m  1040d  MMnzC12,2H~0  1631s  l552m  1328m  RIZn~Clz,2HzO  1640s  1555m 
Infrared Spectra
Except for readily explicable absorptions due to the particular inorganic anion present and except for some features of the spectrum of (MHz)Ni(C104)2,HzO the i.r. spectra of all the complexes prepared were very similar throughout the range 4000-250 cm-1, which strongly suggests that the same organic ligand was present in all cases. The positions of some of the prominent peaks in the spectra and their assignments based on extensive data available for related salicylaldimine complexes5 are presented in Table 1 . Strong evidence that aldehyde groups had been completely converted into Schiff base residues was provided by the disappearance of the aldehydic C=O stretching band at 1680 cm-1 and the appearance of a strong band at 1635k5 cm-1 assigned to C=N str. 5 The i.r. spectra failed to provide any definite indication of whether the water or methanol present was coordinated or simply trapped in the crystal lattice. The possibility that some of the hydroxylic solvent molecules might have added across -C=N-links (yielding -C(OR)-NH-where R = H or CH3) was of particular concern to us because we have proposed3 such addition in a related complex of a binucleating but non-macrocyclic Schiff base ligand; however, molecular models indicated that in the case of (1 ; x = 3) such addition was unlikely for it introduced rather than relieved strain. The only significant change in the i.r. spectrum upon complete dehydration of MCuzC12,6Hz0 was the disappearance of absorption above 3100 om-1; in particular, there was significant change neither in the relative intensities of the 1640 cm-1 band (C=N str) and the 1750 cm-1 band (C-C str) nor in the 1200-1000 cm-1 range where strong bands due to the C-OH group of a hydrated Schiff base would appear.6 I t thus seemed unlikely, in this particular case, that water molecules were associated with the Schiff base links and this was ultimately confirmed by the X-ray crystallographic study4 of MCuZC12,6H20. The close similarity of the spectra of all the complexes under discussion shows that in no case has Schiff base solvation occurred.
As indicated in Table 1 the i.r. spectra of the perchlorate and sulphate products are consistent with uncoordinated anions.
Although the overall i.r. spectrum of (MHz)Ni(C10&,H20 was very similar to those of the other complexes, indicating the probable presence of basically the same ligand, the phenolic C-0 stretching band fell outside the range 1328-1340 cm-1 within which all the others appeared and this band could not be assigned with certainty. This is not inconsistent with our proposal below that, in this case, a coordinated phenol rather than a bridging phenoxide is present.
Magnetic Properties
The molar susceptibilities, X&.I, of MMnzC12, 2HzO, MFe2Cl2 , 2CHsOH, MCo2Cl2, 2CH30H, MNi2C12, 2Hz0, MCuzC12, 6Hz0, and MCu2(C10&, 2H20 were measured as functions of temperature over the approximate range 100-300°K. The measured molar susceptibility of MZnzC12,2Hz0 (-340 x 10-6 CGS units) was used to calculate the diamagnetic correction for M in all the paramagnetic complexes. Observed susceptibilities and effective magnetic moments (peff) are given in Table 2 for the two copper compounds. The effective magnetic moment of (MHz)Ni(C104)z,H20 was measured only a t room temperature, a value of 3.46 B.M. being observed. Plots of reciprocal molar susceptibilities against temperature for MNizC12,2H20, MCu2C12,2CH30H, MFe2Cl2,2CH30H, MFezC12,2CH30H, and MMnzC12,2Hz0 are shown in Figure 1 . For the latter three compounds Curie-Weiss behaviour wap observed over the entire observable temperature range the Weiss constants being -62", -42", and -7" respectively. The behaviour of MNi2C12,2H20 deviated significantly from the Curie-Weiss law below approximately 120°K and the Weiss Bellamy, L. J., "The Infrared Spectra of Complex Molecules." 2nd Edn, p. 96. (Methuen: London 1960.) constant corresponding to the linear portion of the plot above 120°K was unusually large, -125°K. Although other rationalizations are possible the behaviour in this series of four compounds is consistent with the presence, in all cases, of the expected binuclear arrangement within which antiferromagnetic interactions increase in passing from manganese to nickel. This trend, if real, is certainly continued with the copper compounds in which strong antiferromagnetic interaction is undoubtedly present ( Table 2) . The large relative errors in our measurement of susceptibilities as low as these precluded meaningful curve fitting to data calculated on the basis of the Bleaney-Bowers equation7 for cupric dimers. However, the general behaviour is consistent with the expected binuclear arrangement which has now been definitely established in the case of MCu2C12,6Hz0 by single crystal X-ray diffraction.4* The high spin electronic configurations of the cobalt(11) and the two niokel(11) complexes render highly unlikely the possibility of a square-planar cation enviroGment, all known examples of which stereochemistry are diamagnetic for niokel(11)a and of low spin configurations for cobalt(11).9 The magnetic properties of the above series of complexes, whilst not diagnostic of cation stereochemistry, are not inconsistent with square-pyramidal coordination.10 Thus. for example, in a discussion of magnetic properties of square-pyramidal cobalt(11) complexes Lewis et a1.11 conclude that "when the symmetry is high, the moment is high, c. 5.0 B.M. and temperatureindependent, but decreases and becomes more temperature-dependent as the symmetry (particularly within the basal plane) is reduced". I n the light of this generalization the magnetic behaviour* of MCozC12,2CH30H is consistent with an approximately square-pyramidal coordination sphere of low symmetry. 
Electronic Spectra
The positions of observable bands of probable d t t d origin are summarized in Table 3 . Two weak bands appearing near 6800 and 5800 cm-1 in all the spectra are assigned, because of their presence irrespective of the nature of the cation, to vibrational modes of the ligand rather than to d~d transitions. I n some cases expected d t t d bands of higher energy were either obliterated or appeared only as shoulders as a result of the presence in the near-u.v. region of intense bands of either n -t n* or charge-transfer origin tailing into the visible region. The spectra of solid (MH2)Ni(C104)2,H20 and of MNi2C12,2H20 both in the solid phase and in aqueous solution provide good evidence for an approximately square-pyramidal cation environment in these cases. These spectra differ in a number of important respects from spectra of tetrahedral nickel(11) complexes in general and, in particular, differ markedly from spectra of nickel(11) in a tetrahedral N202 environment provided by various salicylaldimine derivatives, the characteristic feature of which appears to be a moderately intense (E 50) broad band in the region 6700-7300 om-1.12 A cursory examination of the spectrum of solid MNi2C12,2H20 might suggest the presence of nickel(11) in a pseudo-octahedral ligand field if the shoulders a t 10000 and 21000 cm-1 are ignored and the three clearly defined peaks at 17100, 13600, and 7500 cm-1 only are considered. However, this possibility seems unlikely for several reasons, e.g. the 7500 cm-1 peak would have to be presumed of vibrational origin for it is clearly of much too low an energy to represent the lowest energy spin-allowed transition 3A2g -f 3T2g of nickel(rr) in an octahedral field including one or more moderately strong field arylaldimine chelate units. By contrast the band positions in the three nickel(11) spectra are consistent with the energy level diagram calculated for nickel(11) in a square-pyramidal ligand field13 and the spectra are similar to those reported for Ni[(5-C1-salen)NEt2l2 8 and Ni[OAsMePh2]4(C104)2,10 both of established approximately square-pyramidal geometry (Table 4) . The difference between the spectra of MNi2C12,2H20 in the solid phase and in aqueous solution indicates that upon dissolution in water the average ligand field strength is raised, which is consistent with the presence of an apical chloride ligand in the solid that is displaced in aqueous solution by a water molecule with a stronger ligand field; electrical conductance data (see below) support this interpretation. The electronic spectrum of MCo2C12,2CH30H, in particular the presence of absorption near 14000 om-1, is difficult to reconcile with a pseudo-octahedral cation environment for which three spin-allowed transitions are expected in the approximate ranges 8000-9000, 16000-18000, and 20000-21000 om-1.14 Likewise, the spectrum seems inconsistent with a tetrahedral ligand field and, in particular, differs in important 1 2 Holm, R. H., Everett, G. W., and Chakravorty, A,, Prog. inorg. Chem., 1966, 7, 134. respects from the spectrum expected of a tetrahedral NzOz environment on the basis of extensive data available for tetrahedral cobalt(11) bis-salicylaldimine derivatives;l5 namely, two bands at c. 8000 and 11000 om-1 ascribed to components of the 4Az(F) -+ 4T1(F) transition and a third one at c. 17000 cm-1 assigned to a component of the 4Az(F) -+ 4T(P) transition. On the other hand, the spectrum receives satisfactory rationalization in terms of the energy level diagram calculatedlo for cobalt(11) in a square-pyramidal environment: 4A2(P) -t "(P) at 9900 cm-1, -t 4B1(F) at 14300 cm-1 and -+ 4E(P) a t 17600 cm-1; and it resembles quite closely those of a number of established square-pyramidal high-spin cobalt(11) complexes summarized and discussed by Lewis et al.11
The cation in MFezC12,2CH30H also appears on the basis of its electronic spectrum to have a coordination number of five. Thus, whilst iron(11) in either octahedral or tetrahedral environments would give rise to only a single spin-allowed dt+d band, this would be expected well above 8300 cm-1 in the former case, if one or more chelated arylaldimine units were present (even with an octahedral field as weak as that of six water molecules the band appears at c. 10000 cm-1)14 and well below 8300 cm-1 in the tetrahedral case. However, the 8300 cm-1 band is fully consistent with five-coordination,le e.g. five-coordinate Fe[(Me~NCHzCHz)zNMe]Clz shows a band at 8500 cm-1.16
Strictly square-planar cupric-salicylaldimine derivatives with negligible axial interaction are typically violet or brown with d t t d maxima to higher energies than observed for the MCuz derivatives described here.17 The spectra of the copper complexes listed in Table 3 , whilst also excluding the possibilities of tetrahedral or trigonal bypyramidal cation environments, fail to distinguish between a wide variety of five or six-coordinate structures based on the square-planar arrangement with additional varying axial interaction including square-pyramidal, tetragonal, and pseudo-octahedral geometries. However, the square-pyramidal cupric environment established for MCu2C12,6H20 by X-ray crystallography appears likely for the other cupric species. Apparently, all the cupric derivatives in aqueous solution yield the same cation which, if it is related to (2) as seems most likely in view of the squarepyramidal nature of the corresponding niokel(11) species in solution, presumably contains a water molecule in the apical fifth coordination position; this would then be consistent with the apparent increase in average ligand field strength upon dissolving MCu2C12,6H20 in water and also with electrical conductance data (see below). Since the i.r. spectrum of solid MCu2(C104)z,2H20 suggests that the perchlorate ions are uncoordinated, it seems likely that water occupies the apical fifth position if, in this case also, the cupric environment is square-pyramidal.
Electrical Conductance
The molar conductances in aqueous solution summarized in Table 5 Complex A molar concentration of the complex, after allowance for the conductance of the sodium ions yields a value of 100-110 Q-1 cm2 mol-1 for the ionic conductance of the complex cation, in keeping with the proposed double charge. The behaviour of (MHz)Ni(C104)2 in solution as a normal 2: 1 electrolyte is interesting for it indicates that the two "extra" protons are surprisingly undissociated. This perhaps suggests that they are securely bound in the second cavity of the macrocycle by hydrogen bonding to the Schiff base nitrogen atoms as in (3). 
Rksumk of Structural Evidence
Structure ( 2 ) in which the N402 system is provided by the anticipated binuoleating tetrakis-Schiff base (1 ; x = 3) and in which the cation environment is approximately square-pyramidal has been unequivocally established for MCuzCl2,6H20 by X-ray diffraction techniques.4 The close similarity of the i.r. spectra of all the other complexes to that of MCu2C12,6H20 argues strongly in favour of the same binucleating ligand in all cases except ( M H Z ) N~( C~O~)~, H~O which probably differs only in that phenolic oxygen atoms are protonated. Electronic and i.r. spectra and temperature dependence of magnetism are consistent with a structure for MCuz(C104)z,2Hz0 closely related to (2) in which the apical Mth coordination site is occupied by water.
The electronic spectrum of MNiZC12,2Hz0 provides strong evidence for a square-pyramidal cation environment and the change in spectrum upon dissolution in water together with the electrical conductance of the solution indicate an apical chloride ion in the solid complex as in (2). In this case the electronic spectrum clearly points to the persistence of the square-pyramidal geometry in solution; the same probably applies to the copper complexes in solution although the evidence is less clear-cut.
Magnetism and spectra of MCozC12,2CH30H and MFezC1z,2CH30H are consistent with square-pyramidal cation environments, but the available evidence fails to distinguish between coordination of chloride or methanol in the apical fifth position.
I n the absence of observable d w d spectra no direct evidence concerning the cation stereochemistry is available for MMn2C12,2Hz0 and MZnzC12,2Hz0, although it seems likely all the chlorides have analogous structures.
The electronic spectrum of (MHz)Ni(C104)z,Hz0 indicates a square-pyramidal cation environment the apex of which is probably occupied by a water nlolecule since the i.r. spectrum shows perchlorate to be uncoordinated. From conductance data the species in aqueous solution appears to have two undissociated protons bound in the second cavity of M as in (3) and it is likely that this is also a feature of the solid compound.
Finally, in view of the common, possibly exclusive, occurrence of squarepyramidal geometry in the solid complexes and especially in view of the persistence of this geometry in aqueous solution, it is possible that the ligand M imposes this stereochemistry upon associated cations. This might occur, for example, if the NzOz donor set surrounding each cavity of M is constrained by forces within the ligand to near coplanarity whilst the cavities are slightly too small to allow incorporation of the cation within the N202 plane at normal metal-nitrogen and metal-oxygen bond distances.
A solution of 5-methylisophthalaldehyde (5.3 g) in the minimum volume of boiling methanol was added to the pale blue suspension formed by mixing 1,3-diaminopropane (2.4 g) with a saturated solution of cupric chloride dihydrate (5.5 g) in methanol. The mixture mas heated under reflux whereupon the initial pale blue suspended solid first turned pea-green and then eventually dissolved. Methanol w-as removed by boiling at atmospheric pressure until precipitation had just commenced and the dark green mixture was poured into ten times its volume of tetrahydrofuran. The resulting pale green preoipit'ate was collected, dried a t the pump, and then recrystallized from hot water, yielding MCuzC1,6H~0 as dark green platelets which were dried over calcium chloride at room temperature and atmospheric pressure (Found: C, 40.5; H, C1, 10.1; Cu, 17.9; N, 7.9 . C~~H~~C~Z C U Z N~O~ requires C, 40.8; H , 5.4; Cl, 10.0; Cu, 17.9 ; N, 7 . 9 % ) . Drying a t 80°C in vacuum over phosphorus pentoxide yielded BICUZC~Z,HZO as a pale-green powder (Found: C, 46.7; H, 4.7; Cl, 11.0; Cu, 20.7; N, 8.9. Cz4HzsClzCuzN403 requires C, 46.6; H, 4.6; C1, 11.5; Cu, 20.5; N, ) .
Prolonged heating in vacuum a t 160°C was required for removal of the final molecule of water.
This was prepared by the same procedure as that described above for MCu2Clz,6HzO except that an equivalent quantity of cupric perchlorate hexahydrate was used in place of cupric chloride dihydrate and the reaction mixture was evaporated to dryness in vacuum a t room temperature on a rotatory evaporator. Recrystallization from hot water of the residue yielded iMCuz(C104)2,2Hz0 as dark green needles which were collected, washed with ice cold water, and dried in vacuum over phosphorus pentoxide a t room temperature (Found: C, 37.4; H, 4.0; Cl, 9.3; Cu, 16.8; N, 7.0. C24H30C12C~~N4012 requires C, 37.7; H, 4.0; C1, 9.3; Cu, 16.6; N, 7.3%) .
Cupric sulphate pentahydrate (3.42 g), 1,3-diaminopropane (1.01 g), and 5-methylisophthalaldehyde (2.25 g) were heated under reflux in methanol (80 ml) for 18 hr. The resulting solution was evaporated to approx. 30 ml at atmospheric pressure and upon cooling to OcC green needles of M C U~( H S O~)~, H~O separated. The solid was collected, washed with a little ice-cold methanol, and dried in vacuum over calcium chloride a t room temperature (Found: C, 39.5; H, 4.1; Cu, 17.2; N, 7.5; S, 8.6. requires C, 38.9; H , 4.1; Cu, 17.1; N, 7.6; S, 8.7%) .
A solution of silver sulphate (0.214 g) in boiling water (80 ml) was added to a boiling solution of MCu2C12,6H20 (0.487 g) in water (100 ml). The suspension was protected from the light and was stirred just below the boiling point for 30 min. After cooling, the precipitated silver chloride was filtered off, and the volume of the filtrate was reduced by boiling a t atmospheric pressure to approx. 25 ml. After cooling, tetrahydrofuran (approx. 250 ml) was added dropwise whereupon MCu2(S04),2Hz0 separated as a green solid, which was collect'ed, washed with a little aqueous tetrahydrofuran, and dried at 80°C in vacuum over phosphorus pentoxide (Found: C, 43.6; H, 4.6; Cu, 19.5; N, 8.7; S, 5.0. C24H30C~2X408S requires C, 43.6; H, 4.5; Cu, 19.2; N, 8.5 ; S, 4.8%).
Nickel chloride hexahydrate (0.84 g), 1,3-diaminopropane (0.39 g), and B-methylisophthalaldehyde (0.58 g) were heated under reflux in isopropanol (50 ml) for 18 hr. The mixture of solids which separated on cooling was collected and then extracted with boiling methanol (40 ml) for 3 hr. The green methanol-insoluble material was collected and dissolved in boiling water (50 ml). The solution mps filtered and then evaporated at atmospheric pressure on the steam-bath whereupon MKizC1~,2Hz0 separated as dark green pla,t'elets. The crystals were collected, washed with a little ice-cold water, and dried over calcium chloride at room temperature (Found: C, 46.1; H, 4.9; C1, 11.3; N, 8.8; Ni, 18.9. C24H30C1~N4Niz04 requires C, 46.0; H, 4.8; C1, 11.3; N, 8.9; Ni, 18.7%) .
Sickel perchlorate hexahydrate ( 5 . 1 g ) , 1,3-diammopropane (1.03 g), and 5-methylisophthalaldehyde (2.29 g) were heated under reflux in methanol (60 ml) for 18 hr. The volume of the resulting solution was reduced to approx. 25 ml by boiling ' t atmospheric pressure. After cooling, diethyl ether (100 ml) was added dropwise with stirring whereupon (MHz)ATi(C104)2,Hz0 separated as a yellow-brown solid which was collected and dried in vacuum over calcium chloride a t room temperat 'ure (Found: C, 41.9; H, 4.5; Cl, 10.0; N, 7.8; Ni, 8.3. C24H~&l~N4011Ni requires C, 42.3; H, 4.5; C1, 10.4; N, 8.2; Ni, 8.6%) .
I M C O~C~Z ,~C H~O H
This compound was prepared by a procedure analogous to that described for RICuzClz,6H20 except that the reaction was carried out under an atmosphere of oxygen-free nitrogen to avoid possible aer~al oxidation and the crude product was obtained simply by cooling the reaction mixture. The precaution of excluding oxygen during the reaction was probably unnecessary for the solid product was stable to air. The crude solid was recrystallized from hot methanol yielding orange-brown crystals which were collected, washed with a little methanol, and dried in vacuum over calcium chloride a t room temperature (Found: C, 47.7; H , 5.2; C1, 10.9; Co, 17.8; N, 8.5. C26H34Cl~C02N404requires C, 47.7; H, 5.2; C1, 10.8; Co, 17.9; N, 8.5%) .
A solution of 1,3-diaminopropane (0.63 g) in boiling methanol (5 ml) under nitrogen was added to a solution of ferrous chloride tetrahydrate (1.12 g) in boiling methanol (35 ml) under nitrogen. To the mixture was added a boiling solution under nitrogen of 5-methylisophthalaldehyde (0.92 g) in methanol (35 ml). The resulting solution was heated under reflux for 2 hr under an atmosphere of oxygen-free nitrogen during which time M F E~C~~,~C H~O H separated as a dark purple crystalline solid. -4s in the case of &ICozCl2,2CH30H the precaution of conducting the reaction in the absence of oxygen to avoid anticipated oxidation was possibly unnecessary because the solid product was surprisingly stable to air. The solid was collected, washed with ice-cold methanol, and dried in air (Found: C, 47.7; H, 5.4; C1, 11.0; Fe, 17.4; N, 8.6 . CzeH34ClzN404Fez requires C, 48.1 ; H, 5.3; C1, 10.9; Fe, 17.2; N, 8.6% ).
To a mixture of manganous chloride tetrahydrate (1.77 g) and manganous acetate tetrahydrate (2.20 g) in methanol (90 ml) were added, in turn, 1,3-diaminopropane (1.33 g) in methanol (10 ml), and 5-methylisophthalaldehyde (2.94 g) in methanol (90 ml). The mixture was heated a t the boiling point for 15 min during which time yellow crystals of MMn2CZ2,2Hz0 separated from the hot solution. The solid was collected, washed with boiling methanol (30 ml and 2 X 5 ml), and dried a t 100°C a t atmospheric pressure for 30 min (Found : C, 49.4; H, 4.7 ; C1, 12.2 ; Mn, 18.9; N, 9.6. C~~H~O C~~R I~Z N~O~ requires C, 49.4; H, 4.5; Cl, 12.2; Mn, 18.8; S , 9.6%).
To a filtered solution of zinc chloride (1.02 g) and zinc acetate dihydrate (lG65g) in methanol (50 ml) was added a solution of 1,3-diaminopropane (1.11 g) in methanol (10 ml) followed by a solution of 5-methylisophthalaldehyde (2.46 g) in methanol (75 ml). On standing a t room temperature there separated yellow crystals of MZnzC12,2Hz0 which were collected, washed with methanol, and dried in vacuum at 80°C over phosphorus pentoxide (Found: C, 45.3; H, 5.0; C1, 11.3; N, 8.8; Zn, 20.3. C Z~H~O C~Z N~O~Z~Z requires C, 45.0; H, 4.7; C1, 11.1; N, 8.8; Zn, 20.4%) .
Physical Measurements
Spectra were determined using the following instruments : i.r, spectra on Perkin-Elmer 337, 421, and 457 grating spectrophotometers; visible and near u.v. and near i.r. spectra on a Beckman DK-2A spectrophotometer. Magnetic moments were measured by the Gouy method using mercury cobalt(rr) tetrathiocyanate as oalibrant. Conductance measurements were made using a Philips P R 9500 bridge. Analyses C, H, Cl, S were determined by the Australian iLIicroanalytical Service, Melbourne. I n metal analyses the organic material was first destroyed by a mixture of oonc. HzS04 and 72% HClOh and then Cu was determined by electrodeposition, S i by the pyridine-thiocyanate method, Zn and Mn by EDTA titration, and Fe by dichromate titration.
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